Background: Increased flooding and newly formed rills and gullies were observed in the Cheleleka wetland watershed, over the past three to five years. These events are due to problems related to land use changes and are adversely affecting land productivity. This study was conducted to quantify, analyze and map soil erosion risk areas using the Revised Universal Soil Loss Equation.
Background
Soil erosion is a natural geological phenomenon resulting from the removal of soil particles by water or wind (Gitas et al. 2009 ). This natural process can be accelerated by human activities creating soil loss that exceeds the soil formation rate in a given area. Human activities that change land use from a comparatively higher form of permanent vegetation cover, to a state of lesser vegetation cover, have increased soil erosion (Cebecauer and Hofierka 2008) .
Several studies in Ethiopia have revealed that soil erosion has become an alarming problem (Wagayehu and Drake (2003) ; Admasu (2005) ; Bewket and Teferi (2009) ; Haile and Fetene (2012) ) and it is the major factor affecting the sustainability of agricultural production. The leading factors causing erosion include: increased population pressure resulting in forest/woodland clearance for wood and smallholding agriculture; traditional agricultural practices; and declining land productivity.
In the Cheleleka wetland watershed, large expansions of new land uses were made mostly through the displacement of the original forests and pasture land. For example, using remote sensing and Geographic Information System (GIS) methods, Gessesse (2007) , estimated an alarming 82% forest decline in the area when comparing 1972 forest cover to 2000. In many cases, this conversion occurred without evaluating the land use capacity, thus exposing the new cultivated fields to a high level of degradation. Moreover, the erosion and sedimentation processes disrupt the hydrological balance in the study watershed. In contrast to other lakes in the Rift Valley of Ethiopia, the level of Lake Hawassa has been increasing while the Cheleleka wetland is unfortunately drying up. Thus the increasing discharge from the wetland through the 'TikurWuha' River is partially related to the activities of erosion and the sedimentation processes in the Cheleleka watershed (Gessesse 2007; Tenalem et al. (2007) ; Kebede et al. (2014) ).
Increased flood and erosion risks were investigated as part of the field work for this study (Figure 1) . Medo, Burara, and Gotu-Onoma a kebeles were found to be victims of erosion and flooding which damaged large areas of cropland, forming new rills and gullies, and damaged ditches along concrete and asphalt roads. Recently, the watershed stream discharge has increased, causing flooding (Kebede et al. 2014) . Therefore, the extent and spatial pattern of the watershed's soil erosion needs to be assessed. This will assist the identification of erosion susceptible areas for planning and implementation of a watershed-based soil and water conservation plan. No soil erosion susceptibility analysis and map were available for this watershed. This highly populated, socioeconomically, and hydrological relevant rural watershed, supplying significant water resources to watershed residents and other towns outside the watershed, is in need of assessment and management.
A relevant approach needs to be followed in estimating the spatial variation of soil erosion. In various corners of the globe, scientists apply related approaches and models for estimating soil erosion and related processes. For instance, the Hairsine-Rose model and hysteresis has been applied for estimating soil erosion sediment sizes, water discharge and contamination possibility (Sender et al. 2011) . Other methods and approaches such as the Morgan method (Ustun 2008) , ImpelERO model (Shahbazi et al. 2010) , CORINE methodology (Gupta and Uniyal (2012) ), and SWAT model (Gebreyesus et al. (2013) ) have been applied. Many other researchers use Revised/ Universal Soil Loss Equation (RUSLE/USLE) (Zhao et al. (2013) ; Gaatib and Larabi (2014) ). This USLE method is preferred to others as it is commonly applied with reliable accuracy at watershed scales when detailed input data are less available (Kheir et al. (2008) ; (Raissouni et al. (2012) ). The RUSLE has capacity to estimate soil erosion by incorporating the environment, having complex and varying gradients (Tongqian et al. 2009 ).
Although various studies have been conducted within and/or around the Cheleleka watershed (e.g. Gessesse (2007) ) none of them have assessed the soil erosion problem using RUSLE. Therefore, this study was designed to quantify, analyze and map soil erosion risk areas within the Cheleleka watershed using the Revised Universal Soil Loss Equation (RUSLE) and GIS tools.
Results and discussions
The soil loss amount, severity and extents varied for the different parts of the sub watershed. About 13.6 percent of the study area has a soil loss value of less than 10 t ha −1 yr −1 (Figure 2 and Table 1 ), mainly along the flat to gentle slopes of the downstream area. Among the sub-watersheds, the downstream areas of the Wedesa, Gemesho, Shonkora and Werka Rivers were dominated by low soil loss values.
More than half of the watershed area (53.6 percent) is experiencing 'severe' to 'extremely severe' soil losses, representing 80.1 percent of the total soil loss from the watershed. This includes the 'Burara-Abaro-Wijigira' mountain chain, and the valleys of the 'Wodesa' River and its tributary, at the upstream part of the watershed (Figures 2 and 3) .
'Moderate' soil loss (10-20 t ha −1 yr −1 ) is observed in 15.5 percent of the watershed, covering the sub-watersheds in Upper Wesha, upper Hallo, and lower Lango. The soil loss severity class of 'high to very high' (20-45 ton/ha/year) occurs in 17.3percent of the total study area.
The soil loss observed in the downstream sections of the Werka, Shenkora, Gemesho and Wedesa areas is, to a certain extent, in the 'tolerable' range, (less than 10 t ha −1 yr −1 ). The dominant factor for the retarded soil loss in these areas is the gentle slope gradient that causes reduced runoff velocity. Furthermore, the protective nature of the land use/cover, predominantly the perennial crops such as sugarcane and 'inset' based agroforestry system, could also contribute to arresting soil movement in these areas. A related study in Romania reported tolerable soil loss for watershed areas with lower slope gradients and having good vegetation cover (Arghiuş and Arghiuş 2011) . Owing to elevated land demand resulting from increasing population and comparatively suitable land for cultivation, most marginal land has been economically utilized. In this effort, trees and perennial species planted around rivers can reduce soil erosion at the river bank (Lee et al. 2003) . The deep (roughly 50 cm) furrowing commonly practiced for growing sugarcane also contributed significantly to reducing soil erosion.
At the upstream areas of Hallo and Wesha, a moderate soil loss rate was observed primarily due to topography. In these areas, soil erodibility and rainfall erosivity is high but good crop cover, especially inset, and low topographic relief, moderated soil loss rate.
Even though rainfall is low, soil is less erodible and better soil conservation practices exist in the Medo area it experiences high soil erosion rates due to topography. High soil erosion upstream from Gemesho is also attributed to the topography, high rainfall and comparatively high soil erodibility.
The watershed area for which the rate of observed soil loss is not tolerable by any standard (Morgan (2005) ) is categorized as 'severe' , 'very severe' and 'extremely severe' soil loss areas. Such soil loss rates were observed in land areas with comparatively high slope gradients and in areas where the original forest cover has been transformed to arable land and degraded bush land. A report by Raissouni et al. (2012) for Northern Morocco, agrees with this finding, indicating a greater soil loss risk is observed in land area with higher gradient and damaged terrain. During the field work, we noted that only a small portion of the study area (Burara-Medo-Abaro-Wijigira mountain chain and adjacent lands) had highly degraded forest/shrub land compromising the stability of the natural environment. A research project in Cuba reported that conversion from forest to arable land increases soil loss in mountainous watersheds (Schiettecatte et al. 2008) , which are fragile environments. The tolerable soil loss in such circumstances is no more than 2 t ha −1 yr −1 (Hudson (1981) ). Cebecauer and Hofierka (2008) and Starchi et al. (2013) also observed that land cover has a significant influence on soil erosion patterns in mountainous and hilly areas. A report from China (Luo et al. 2014) indicated that land with lower vegetation cover produced greater runoff and sediment yield implying the extent of soil erosion. Similarly, a Nigerian study by (Oruk et al. 2012 ) reported greater soil erosion in lands with poor vegetation cover.
The areas susceptib'le to 'severe' to 'very severe' soil erosion have a high rate of agricultural and agroforestry uses dominated by inset and khat farming in the sub-watersheds of the Wesha, Werka, Shonkora, Hallo, Gemesho and Wedesa rivers. This appeared to be a more protective land use than annual cropping systems, which is common for the Upper Lango and Medo areas, where 'very severe' soil loss was observed. Annual cropping leaves the land exposed for off-season grazing, direct rainfall impact and runoff with the resultant soil loss.
In the study area, the increasing population pressure is a serious problem that increases forest land conversion into arable land, leading to land degradation (Gessesse (2007) ). Most of the watershed area, with a high LS-factor and low C-factor has 'high' to 'very severe' soil loss values. The combination of these important factors, along with erosive rainfall, contributed to a non-tolerable soil erosion problem. A similar study in China indicates, that in mountainous watersheds, vegetation cover is the most important factor in reducing soil erosion (Zhou et al. (2008); Tongqian et al. (2009) . The China's Grain for Green Program attempted to increase land cover and this significantly reduced sediment yield that implies reduction in soil erosion (Zhou et al. 2015) . Bewket and Teferi (2009) also observed soil degradation problems, due to erosion, in cultivated steep lands of the Blue Nile basin in Ethiopia. The soil erosion susceptibility and risk analysis in Morocco by Gaatib and Larabi (2014) agree with this study's results, in that, watershed areas with 'very low' to 'low' slope gradient showed 'low' to 'moderate' soil erosion susceptibility and risk.
Conclusions
Using RUSLE in combination with GIS allowed analysis of erosion problems in the Cheleleka wetland watershed. Our findings revealed that the study area is facing forest transformation, which is very likely intensified by the demand for subsistence agricultural land. Most of the parts of this watershed have experienced intensive soil erosion behavior, which is beyond the tolerable soil loss level. This threatens the annual crop production and the productivity of the land impacting the local farmers' food security (Brevik, 2013; Pimentel and Burgess 2013) . The erosion may also have off-site consequences in the wetlands and have the possibility to modifying its nature and function (Gleason RA et al. 2003 ).
In addition, the risk of flooding in the middle and lower part of the watershed may become serious if the protective land use/cover quality is compromised. The risk can be aggravated by steep slopes, high rainfall and poor conservation practices. The increased coverage with khat and inset based agroforestry practices can be considered a positive step to minimize the already intensified soil erosion risk in the watershed. This clearly shows there is a need for immediate action and intervention to protect and sustainably use the natural environment. Integrated watershed management could be a process to direct the intervention and encourage local people to participate in the process.
Maintaining and improving land cover and practicing site specific soil conservation activities are important in reducing soil erosion and its consequences. The current national watershed management campaign can contribute to the success of this recommendation. Within this watershed, the suggested intervention priority (Table 1) should be considered for management implementation.
Methods

The Cheleleka wetland watershed
The study was undertaken in the Cheleleka wetland watershed, a sub-watershed of Lake Hawassa Catchment that is partially found in the Central Rift Valley of Ethiopia, 263 km south of Addis Ababa. The study area was located in a watershed where a chain of mountains stretch out and occupy a wide flat marshy land called Cheleleka. Geographically, it is located between 38°37 | E to 38°42 | E and 7°02 | N to 7°07 | N (Figure 4 ). It covers an area of about 27068.94 ha with wide altitudinal ranges of 1600 to 2700 meters above sea level.
Within the watershed some remnant natural forests were identified, which are composed of tree species including: Afrocarpus falcatus, Prunus africana, Albizia gummifera, Aningeria adolfi-friederici, Cordia africana, and Croton macrostachus. Plantation woodlots with exotic tree species such as Eucalyptus species, Gravilea robusta, and Cuprusus lustanica were common. At homestead and farm boundaries, agro-forestry activities are commonly practiced.
Based on Zerihun (1999) , the population density of the area was predicted to be 870 persons per square kilometer in 2013, which is much higher than the regional average population density (141 person/sq. km, CSA (Central Statistical Authority of Ethiopia) (2007)).
Methodology
Among available methods for predicting and quantifying soil erosion risks, RUSLE is widely applied by adapting it to various situations. The Universal Soil Loss Equation (USLE) was initially developed for predicting soil erosion from small areas of cultivated land (Bewket and Teferi (2009) ). However, remote sensing and Geographic Information Systems (GIS) are now being integrated into RUSLE, in addition to the soil data, to increase the risk assessment precision.
Initially, the watershed was delineated by considering contour lines pattern on topographic maps that have been produced by Ethiopian Mapping Agency. The delineated map was verified using the GIS Digital Elevation Model (DEM). The watershed was classified into seven slope categories, by percent (0-2; 2-5; 5-8; 8-16; 16-30; 30-45; >45) , for field data collection, particularly for soil sampling, land use/cover description, and for soil and water conservation support practice analysis. The systematic sampling points were uniformly distributed on Universal Transfer Mercator (UTM) grid points using GIS. These points were located in the field with the aid of Global Positioning System (GPS).
Data acquisition
The Universal Soil Loss Equation (USLE) technique estimates water-caused, soil erosion risk, for varying climatic, soil, and topographic conditions. Since its development, USLE has been continuously improved to more accurately estimate soil loss and to adapt to more situations in a wider range of geographic areas. The Revised Universal Soil Loss Equation (RUSLE) is widely used and is represented by the following general equation:
Where A refers to soil loss in t ha −1 yr −1 , R represents rainfall erosivity, K represents soil erodibility, L represent slope length, S is slope gradient, C is land cover/use management, and P is supporting conservation practices. The equation shows that RUSLE is the product of six factors. In this investigation, RUSLE was integrated with GIS to estimate soil loss by exercising appropriate techniques and procedures to acquire relevant data for each of the component parameters as described below.
R-factor
Rainfall regime importantly influences soil loss patterns (Fang et al. (2012) ). The erosivity (R) factor quantifies the effect of raindrop impacts. The R-factor requires long term rainfall data that records the energy available to erode soil. Various equations have been adapted to compute the R-factor; one option is that the erosion index for this parameter is calculated from the total storm energy multiplied by maximum 30 minute intensity. For areas that lack long term records of rainfall characteristics, other techniques have been developed for various countries.
Within and around the study watershed, there is no record for rainfall characteristics /intensity. Thus, the R factor was estimated using rainfall depth data from the meteorological stations within the watershed and those neighboring it. Data from forty years of recorded rainfall at Wondo Genet and four years recorded at the Watera Resa station were available for the study watershed. Meteorological stations at Kofele, Shashemene, and Awassa, which are neighbor to the study watershed, were also considered in this study. Rainfall data recorded at these stations were obtained from the meteorological office. Using mean annual rainfall from these stations, the amount of rainfall between the stations was interpolated using GIS.
Thus, the R-factor was calculated based on the following equation (Bewket and Teferi (2009) 
Where R is rainfall erosivity and P is the mean annual rainfall (mm). This form of the equation for estimating R-factor is particularly used for areas lacking rainfall intensity and kinetic energy records, as is true for many studies performed in Ethiopia.
The K-factor
The K-factor, or soil erodibility factor, is a critically important component in predicting soil erosion Oruk et al. (2012) ; Wang et al. (2013) ). According to Wischmeier and Smith (1978) , soil organic matter and permeability were integrated into the equation for K.
Where OM is the soil organic matter (percent) and M is a particle size parameter, which is estimated by multiplying the silt percentage (particles of 0.002 to 0.1 mm in size) by 100-% clay. The S and P parameters describe soil structure and permeability respectively. When the available or collected data set lacks any of these soil properties alternative methods can be adapted.
To determine soil erodibility (K factor), 76 soil samples were collected and analyzed. Sample plots were identified using a grid method at 1 km intervals both longitudinally and latitudinal ( Figure 5 ). Sample plots were located in the field with the help of GPS. Soil samples were taken at each plot at a depth of 0-20 cm. The samples were air dried at room temperature and analyzed for organic matter utilizing the Wackley-Black Method (Tan (2005) ) and for texture, using the hydrometric method (Tan 2005) . Using organic matter and soil texture for K-factor estimation was adapted from previous studies (Shiferaw (2011); Pal and Samanta Figure 6 RUSLE's factor maps of erosion control practices (a), soil erodibility (b), crop management (c), rainfall erosivity (d) and topography (e).
(2011)) as shown in Table 2 below and mapped in Figure 6b .
LS-factor
Various approaches have been used to estimate the LS (topographic) factor. Previously, USLE was assumed to apply to small areas where measuring the slope gradient and length was possible and practical. Since this study covers an area of 27068.94 ha, it is difficult to measure each slope's length. Therefore, Digital Elevation Model (DEM) and GIS techniques were used to obtain both slope gradient (S) and slope length (L) (Bewket and Teferi (2009) 
Where λ signifies the flow length and S is slope in percent. Figure 6e indicates map of the LS factor.
C-factor
The C-factor shows land cover/vegetation management. It is the most important factor in reducing soil erosion activities especially in mountainous watersheds (Zhou et al. 2008; Beskow et al. 2009 ). The land cover may vary in type including forest, shrub land, agricultural crops, and others. Various techniques have been applied to estimate the C-factor. One option is to compute the Normalized Difference Vegetation Index (NDVI) from satellite images in a GIS environment. This is a widely applied technique to estimate vegetation growth and it was confirmed to produce optimal C factor value (Karaburun 2010). The difference in spectral reflectance between the Near Infrared (NIR) and Red (R) bands are used to calculate NDVI (Arekhi et al. 2012) :
The NDVI indicates photosynthetic capacity and when there is healthy vegetation with good photosynthetic ability, it is positive when the land is bare or vegetation is in the dormant period, the NDVI value is negative. In general, the NDVI ranges from −1 to 1. The relationship between the C-factor and NDVI can be established as follows (Arekhi et al. 2012) :
Figure 6c indicates map of the NDVI.
P-factor
During the soil sampling process, the existing land use/ support practices around the sample plots were assessed and recorded. The values suggested for the P-factor are presented in Table 3 (Wischmeier and Smith 1978) (Figure 6a) . Eventually, the risk of soil loss was quantified for the watershed by multiplying the six component parameters, via GIS, and the extent of soil loss per hectare per year is shown. 
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